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A PARABLOID EXPANSION CONE 

Cross Reference To Related Applications 

This application claims the benefit of the filing date of U.S. provisional patent 
application serial no. 60/143,039, attorney docket no. 25791.26, filed on July 9, 1999. 
and U.S. provisional patent application serial no. 60/146,203, attorney docket no. 
25791 .25. filed on July 29,1999. 

This application is related to the following co-pending applications: provisional 
patent application number 60/108,558, filed 11/16/1998, provisional patent application 
number 60/1 11,293, filed 12/7/1998. provisional patent application number 60/1 19,611, 
filed 2/11/1999. provisional patent application number 60/121,702, filed 2/25/1999, 
provisional patent application number 60/121.907. filed 2/26/1999, provisional patent 
application number 60/124.042. filed 3/11/1999, provisional patent application number 
60/131,106, filed 4/26/1999, provisional patent application number 60/137,998, filed 
6/7/1999, and provisional patent application number 60/143,039, attorney docket 
number 25791.26, filed on 7/9/1999. 

Background of the Invention 
This invention relates generally to a parabloid expansion cone. 
Conventionally, when a wellbore is created, a number of casings are installed in 
the borehole to prevent collapse of the borehole wall and to prevent undesired outflow 
o f drilling fluid into the formation or inflow of fluid from the formation into the borehole. 
The borehole is drilled in intervals whereby a casino which is to be installed in a lower 
borehole interval is lowered through a previously installed casing of an upper borehole 
interval. As a consequence of this procedure the casing of the lower interval is of 
smaller diameter than the casing of the upper interval. Thus, the casings are in a 
nested arrangement with casing diameters decreasing in downward direction. Cement 
annuli are provided between the outer surfaces of the casings and the borehole wall to 
seal the casings from the borehole wall. As a consequence of this nested arrangement 
a relatively large borehole diameter is required at the upper part of the wellbore. Such 
a large borehole diameter involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations in hole 
diameters drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 



Co— lly. a. the surface end o. me wellbore, a wellhead ,s c^edjba. 
,0*3,1, inCudes a sumacs casi^. a number c, product an* 
va vj and a Chrtstmas tree. Typica»y ,he weilhead further rndudes a concent 
Igement o, casings including a preducdon casing and one or -« 
, clsin L The casings are typically supported using load Peering slips posdcned above 
^. The clentional design and cor» o, we»heads is expense and 

^Conven.onatl, a wellbore casing canno, be formed dunn, «he drtllng 0, a 
Typically, .he wellbore » drilled and .hen a wellbore casing . formed . .he 
0 newly dolled section of me wellbore. This delays .he completion of a well. 

the existing procedures for forming wellbores and wellheads. 

Summary of die Invention 
5 According to the present inven«on, .here is provided an expanskrn cone for 

radially expanding a tubular member, comprising a paraboloid expansion cone body. 

PclaNy the angie o, abac* o, the outer surface o, .he parabcW expanse 
cone body increases in a continuous manner from one end o, «. parabola* expansion 
cone body 10 the opposite end of the paraboloid expansion cone body. 
20 drably, aHeas, a pordon of .he paraboloK expansion cone body has an angle 

°' a " aC pre,ereb,y. .he expansion „. further ceases a iubrican. on an outer 
surface of the paraboloid expansion cone body. 

"referabl one or more grooves are fom«o in an outer surface o, the parabolord 

25 expansion cone body . 

Preferably, the expansion cone further comprises one or more ax.al flow 
passages defined within the paraboloid expansion cone body. 

Preferably, the grooves are circumferentia, grooves. A.terna«ve,y, the grooves 

may be spiral grooves. 
30 Preferably, the grooves are concentrated around an axial m.dpo,nt of the 

paraboloid expansion cone body 

Preferably, the axial flow passages comprise axial grooves wh.ch are spaced 
apart by at least about 3 inches in the circumferential direction. 

Preferably, the expansion cone further comprises flow passages, wh.ch are 
35 positioned within the paraboloid expansion cone body 

Preferably, the flow passages are coupled to one or more grooves. 



Preferably, one or more of the flow passages include inserts having restricted 
flow passages 

Preferably, one or more of the flow passages include filters. 
Preferably, the cross-sectional area of the grooves and axial flow passages 
ranges from 1.29x10" 7 m 2 to 3.226x10* m 2 (Mff 4 in 2 to 5x10 2 in 2 ). 

Preferably, the grooves include; a flow channel having a first radius of curvature, 
a first shoulder positioned on one side of the flow channel having a second radius of 
curvature, and a second shoulder positioned on the other side of the flow channel 
having a third radius of curvature. 

Preferably, the first, second and third radii of curvature are substantially equal. 
Preferably, the axial flow passages include; a flow channel having a first rad.us of 
curvature, a first shoulder positioned on one side of the flow channel having a second 
radius of curvature, and a second shoulder positioned on the other side of the flow 
channel having a third radius of curvature. 

Preferably, the first, second and third radii of curvature are substantially equal. 
Alternatively, the second radius of curvature is greater than the third radius of 
curvature. 

Brief Description of the Drawings 
FIG. 1 is a partial cross-sectional illustration of an expansion mandrel 

expanding a tubular member. 

FIG. 2 is a graphical illustration of the relationship between propagat.on 

oressure and the angle of attack of the expansion mandrel. 

FIG 3 is a fragmentary cross-sectional illustration of the lubrication of the 
interface between an expansion mandrel and a tubular member during the rad.a. 
expansion process. 

FIG 4 is an illustration of an embodiment of an expansion mandrel includ.ng a 
system for lubricating the interface between the expansion mandrel and a tubular 
member during the radial expansion of the tubular member. 

FIG 5 is an illustration of an embodiment of an expansion mandrel includ.ng a 
system for lubricating the interface between the expansion mandrel and a tubular 
member during the radial expansion of the tubular member. 

FIG 6 is an illustration of an embodiment of an expansion mandrel includ,ng a 
system for lubricating the interface between the expansion mandrel and a tubular 
member during the radial expansion of the tubular member. 
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FIG 7 is an illustration of an embodiment of an expansion mandrel .ndudmg a 
system for lubricating the interface between the expansion mandrel and a tubular 
member during the radial expansion of the tubular member. 

Fig 8 is an illustration of an embodiment of an expansion mandrel .nclud.ng 
system for' lubricating the interface between the expansion mandre. and a tubular 
member during the radial expansion of the tubular member. 

FIG 9 is an illustration of an embodiment of an expansion mandre. .nclud.ng a 
system for lubricating the interface between the expansion mandrel and a tubu.ar 
member during the radial expansion of the tubular member. 

FIG 10 is an illustration of an embodiment of an expansion mandrel .ndud.ng a 
system for lubricating the interface between the expansion mandrel and a tubular 
member during the radial expansion of the tubular member. 

FIG 11 is an illustration of a preferred embodiment of an expans.cn mandre. 
including a system for .ubricating the interface between the expansion mandre. and a 
tubular member during the radia. expansion of the tubular member. 

FIG. 12 is a cross-sectional illustration of the first axial groove of the expans.on 

mandre HG F T 3 Is'a coss-section, illustration of the circumferential groove of the 

!0 °^Z™ZZ^* —on of one of the second axia, grooves of the 

expansion mandrel of FIG. 11. _ .„ 

m 15 is a cross Seconal iiiusfralion of an embodiment of an expansion 
ma „drel inducing interna, flow passages having inserts fo, adiusUng «ha ftow o, 

lubricant fluids. ^ rol nf fip,15 

, s fig 16 is a oross sactional illusion of me expansion mandrel of HOIS 

MM, induding an insert narfng a fitter for filtering ou. foretgn mafenals ta. ma 

^T,7 is a oross seefional iiiusfrafion o, a profaned enrbodin.nl o, an 
expandable fubuiar for use in fonoing and/or repairing a wellbore easing, pipelrne. or 

30 foundation support. nntimallv 
Fig. 18 is an illustration of an embodiment of an expans.cn cone optimally 

adapted to radially expand a tubular member. nnttmal u. 

FIG. 19 is an illustration of another embodiment of an expansion cone optimally 
adapted to radially expand a tubular member. 

35 Detailed Description of the Illustrative Embodiments 



Referring to Figs. 1 and 2. the optimal relationship between the angle o. attack 
a an e^Tmarl and toe minima* regrfced p.pagatton ^ ^ 
expanl o, a tubufer member win now be descrfbed. As «us,ratod 
toe LdU expansion o, a lobular member 4100 by an expanse 

, e x P ansionmandrei4,05isdispiaoeP 1 n» 1 eaxfe,d»««on. 

s*fe<» 4,10 of the expansion mendre, 4,05 direcdy affecto the ^ 
"pagadon pressure P„ necessa* to rad«y expand ft. tobuiar mrt-r 4,« 
ZLg to Fig. 2. tor .yptoal grades o. malerfals and Wcai 
p^Zn pisure P„ H lor an angfe C a«a* o, approamafe* » 

0 de^el Fulm^m^aopdn^mngeo.d-angfeo.a^orengestroma^^ 
T» Purees to order to ndntoiize I. ran* o, regrted mrmmun prc^gabon 

""i » F*. , to. «— - - «*» 
nandrel and a tubular member during the radial expansion process vnll now be 
l5 described As illustrated in Fig. 3. during to. rad« expansion process, an «n 
cT^O red* expands a lobular member 5005 by moving in an a»al d^ 
Z> ZL to me tubular member 5005. The toterface brfween Ore oufer surf » 
To : toe tapered po*on 5015 - toe expanston cone 50* a nd - ^ «*- 
5020 ol the tubular member 5005 indudes a leading edge portion 5025 and tra««g 

" °*"ZZ2 -a, expanston process, toe ieeding edge port*, 5025 is 
prfera* tubncaled by toe presence o. iubncadng fluids provided ahead o. toe 
preferably tobrt y dearance between toe expanse 

^ - "mlber 5005 in toe b*g edge pcdon 5030 »rtng to. 
» SZansion p^ess * Realty exbemety sma, and toe 

enures between the tubuBr member 5005 and toe expanse*, mandrel 5000 are 
ZZZ Z •» duan* ot lubrtcaflng flu* Provided to toe to*, edge port»n 
SpiX greedy mduced. to lypical rada, expansion operations, to, reduce 
TbnX in toe Jito, edge portton 5030 leases toe forces reguired to « 

Petween an expanston cor* end a tubular mentoer during to. expansion preces w* 
owTdescnbed. As Klustrated in * 4. an expansion cone 5100. having a Iron, end 
ZolZ a rear end 5100b. includes a tapered pcrtton 5105 hav*g an oufer surface 
35 3ml or more circumference, grooves 5115a and 5115b. and one more .tome, 
flow passages 5120a and 5120b. 
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,„ . purred embodiment - 5 " 5 ""J 

coupled ,o , e wema, «ow passages 5,20. .n f»s manner, dunr* •» 

.1 o, ,he expansion cone 5100 in. the *^ J^^l 
tailing edge portion of the interface belween the expans,on cone 5,00 and a tu 

of force required to radiaiiy expand fhe tubular member, in a preferte 

- — - - rr rrr^r-TSi - - 

conduit that is coupled to the tapered ena o MCcanes 512 o using a 

lubricabng Ouids a. proved tor ^^7^Z^ 
supply of lubricating fluids provided adjacent to the front 5,00a of in 

5m „ a preyed embodiment, the expanston cc*e 5,00 ^ J 
circumfere n U a, gro.es 5„5. in a prefemed embody J «- - - 

I. circumferential grooves 5„5 range from about 2X,0 , to TOO 
ooBmaly provide lubrication to me trailing edge portton o, the interface behveen 

==== 

Jlng edge portion of fhe interface between me expansion cone 5,00 and 
s member during me radial expansion process. BimiI ^^ aolu ralilyofftow 
,„ a preferred embodiment, .he expansion cone 5,00 includes a plura V 
5,20 couoled to each of me circumferential grooves 5,15. In a preferred 
SiltL-- area o, ,he ftov, passages » - J- £ — 
^ in* to 5X,0* in* in «der to opfimai, .ovide - 

: ::rrgrr5,:5rgrea,er toan the cross sedonal area o, me - 



5200a and a rear end 5200b, includes a tapered portion 5205 having an outer surface 
5210, one or more circumferential grooves 5215a and 5215b. and one or more axial 

grooves 5220a and 5220b. 

In a preferred embodiment, the circumferential grooves 5215 are fluidicly 
coupled to the axial groves 5220. In this manner, during the radial expansion process, 
lubricating fluids are transmitted from the area ahead of the front 5200a of the 
expansion cone 5200 into the circumferential grooves 5215. Thus, the trailing edge 
portion of the interface between the expansion cone 5200 and a tubular member is 
provided with an increased supply of lubricant, thereby reducing the amount of force 
required to radially expand the tubular member. In a prefened embodiment, the axial 
grooves 5220 are provided with lubricating fluid using a supply of lubricating fluid 
positioned proximate the front end 5200a of the expansion cone 5200. in a preferred 
embodiment, the circumferential grooves 3215 are concentrated about the ax,al 
midpoint of the tapered portion 5205 of the expansion cone 5200 in order to optimally 
provide lubrication to the trailing edge portion of the interface between the expans.on 
cone 5200 and a tubular member during the radial expansion process. In a preferred 
embodiment, the circumferential grooves 5215 are equally spaced along the trailing 
edge portion of the expansion cone 5200 in order to optimally provide lubrication to the 
trailing edge portion of the interface between the expansion cone 5200 and a tubular 
member during the radial expansion process. 

In a preferred embodiment, the expansion cone 5200 includes a plurality of 
circumferential grooves 5215. In a preferred embodiment, the cross sectional area of 
the circumferential grooves 5215 range from about 2X10* in 2 to 5X10 2 in 2 in order to 
optimally provide lubrication to the trailing edge portion of the interface between the 
expansion cone 5200 and a tubular member during the radial expansion process. 

In a preferred embodiment, the expansion cone 5200 includes a plurality of 
axial grooves 5220 coupled to each of the circumferential grooves 5215. In a preferred 
embodiment, the cross sectional area of the axial grooves 5220 ranges from about 
2X1 0- 4 in 2 to 5X10" 2 in 2 in order to optimally provide lubrication to the trailing edge 
portion of the interface between the expansion cone 5200 and a tubular member during 
the radial expansion process. In a preferred embodiment, the cross sectional area of 
the circumferential grooves 5215 is greater than the cross sectional area of the axial 
grooves 5220 in order to minimize resistance to fluid flow. In a preferred embodiment, 
the axial groves 5220 are spaced apart in the circumferential direction by at least about 
3 inches in order to optimally provide lubrication during the radial expansion process. 
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Referring lo Fig. 6. another embodiment of a system for lubricating the interface 
between an expansion cone and a fubuiar member during me expanse process « 
now be descrfbed. As illustrated in Rg. 6. an expansion cone 5300. having . front and 
5300a and a rea, end 5300b, includes a tapered port*. 5305 having an outer surface 
5310. one or more circumferential groo.es 5315a and 5315b. and one or more mfemal 

flow passages 5320a and 5320b. 

,„ a preferred embodiment. ,he circumferential grooves 5315 are M* 
coupled ,o die interna, flow passages 5320. in mis manner, during .he radra 
expansion process, lubricate flu M s are framed from fhe areas in ™ 
5300a and/or behind the rear 5300b o, the expansion cone 5300 rnto the 
circumferenlia, grooves 5315. Thus, me balling edge portion o, .he interface b«~n 
,he expansion cone 5300 and a tubular member is provided with an messed sup* 
o, iubLl, thereby reducing me amount of force reared pj*+ ****** 
tub „,ar member. Furthermore, the lubricate* «u«s also prefer** pass to the mmm 
M „, the expansion cone. In ,h te manner, die area *~<»^~ 
expanse cone 5300 is cleaned of Mi material. In a preferred embodrment. the 
JL* Ouids are Meeted into die interne, l» paseagee 5320 by pressures .he 
2 be! die rear 5300b of .he expansion cene 5300 during fhe radial expansron 

Pr0C " in a preferred embodiment, the expansion cone 5300 incudes a plurality of 
ctrcumferenba, grooves 5315. in a preferred embodiment, die cmss 
thc circumferential grooves 5315 ranges from about 2X10^ m to 5X10 n 
respeebvely, in order to optimally provkte lubricaUon to me trailing edge ponton of to 
Jrface between the expansion crme 5300 and a tubular member «,•» «- 
expanse process. In a pnaferred embodimen, me expanse cone 5300 rncfude 
circumferential grooves 5315 that are concentrated about me atoal mKiporn. of the 
rapered portion 5305 in order .0 optimally provide lubrication to the bailing edge porbon 
„, the interface between the expansion cone 5300 and a tubular member dunng me 
radial expansion process. In a ptefened embodiment, me drcumferenba, s~ove 
5315 are equally spaced along the bailing edge porta of the expensron cone 5300 ,n 
order to optimally provide lubrication to the trailing edge portion of the tnterface 
between me expansion cone 5300 and a tubular member during me radfcl expansron 

a preferred embodiment, the expansion cone 5300 includes a plurality of flow 
35 passages 5320 coupled to each o, me drcumferentia, grooves 5315. In a parted 
mbodiment. me fiow passages 5320 nuidicly couple the bent end 5300a and .he rea, 
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end 5300b of the expansion cone 5300. in a preferred embodiment, the cross- 
sectional area of the flow passages 5320 ranges from about 2X1 0^ in 2 to 5X10" in in 
order to optimally provide lubrication to the trailing edge portion of the .nterface 
between the expansion cone 5300 and a tubular member during the radial expansion 

5 process. In a preferred embodiment, the cross sectional area of the circumferenftal 
grooves 5315 is greater than the cross-sectional area of the flow passages 5320 in 
order to minimize resistance to fluid flow. 

Referring to Fig. 7. an embodiment of a system for lubricating the interface 
between an expansion cone and a tubular member during the expansion process W.II 

10 now be described. As illustrated in Fig. 7. an expansion cone 5400. having a front end 
5400a and a rear end 5400b. includes a tapered portion 5405 having an outer surface 
5410. one or more circumferential grooves 5415a and 5415b. and one or more axial 
grooves 5420a and 5420b. 

" In a preferred embodiment, the circumferential grooves 5415 are flu,d,cly 
15 coupled to the axial grooves 5420. In this manner, during the radial expanse 
process, lubricating fluids are transmitted from the areas in front of the front 5400a 
and/or behind the rear 5400b of the expansion cone 5400 into the drcumferent.al 
grooves 5415. Thus, the trailing edge portion of the interface between the expans.cn 
cone 5400 and a tubular member is provided with an increased supply of lubncant. 
20 * thereby reducing the amount of force required to radially expand the tubular member. 
Furthermore, in a preferred embodiment, pressurized lubricating fluids pass from the 
fluid passages 5420 to the area in front of the front 5400a of the expansion cone 5400. 
in this manner, the area adjacent to the front 5400a of the expansion cone 5400 is 
cleaned of forekjn materials. In a preferred embodiment, the lubricating fluids are 
25 injected into the internal flow passages 5420 by pressurizing the area behind the rear 
5400b expansion cone 5400 during the radial expansion process. 

In a preferred embodiment, the expansion cone 5400 includes a plurality of 
circumferential grooves 5415. In a preferred embodiment, the cross sectional area of 
the circumferential grooves 5415 range from about 2X10- in 2 to 6X10* in 2 in order to 
30 optimally provide lubrication to the trailing edge portion of the interface between the 
expansion cone 5400 and a tubular member during the radial expansion process. In a 
preferred embodiment, the expansion cone 5400 includes circumferential grooves 5415 
that are concentrated about the axial midpoint of the tapered portion 5405 in order to 
optimally provide lubrication to the trailing edge portion of the interface between the 
35 expansion cone 5400 and a tubular member during the radial expansion process. In a 
preferred embodiment, the circumferential grooves 5415 are equally spaced along the 
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trailing edge portion of the expansion cone 5400 in order to optimally provide 
lubrication to the trailing edge portion of the interface between the expansion cone 
5400 and a tubular member during the radial expansion process. 

In a preferred embodiment, the expansion cone 5400 includes a plurality of 

5 axial grooves 5420 coupled to each of the circumferential grooves 5415. In a preferred 
embodiment, the axial grooves 5420 fluidicly couple the front end and the rear end of 
the expansion cone 5400. In a preferred embodiment, the cross sectional area of the 
axial grooves 5420 range from about 2X10^ in 2 to 5X1 0' 2 in 2 , respectively, in order to 
optimally provide lubrication to the trailing edge portion of the interface between the 

10 expansion cone 5400 and a tubular member during the radial expansion process. In a 
preferred embodiment, the cross sectional area of the circumferential grooves 5415 is 
greater than the cross sectional area of the axial grooves 5420 in order to minimize 
resistance to fluid flow. In a preferred embodiment, the axial grooves 5420 are spaced 
apart in the circumferential direction by at least about 3 inches in order to optimally 

15 provide lubrication during the radial expansion process. 

Referring to Fig. 8, another embodiment of a system for lubricating the interface 
between an expansion cone and a tubular member during the expansion process will 
now be described. As illustrated in Fig. 8, an expansion cone 5500, having a front end 
5500a and a rear end 5500b, includes a tapered portion 5505 having an outer surface 

20 5510, one or more circumferential grooves 5515a and 5515b, and one or more axial 
grooves 5520a and 5520b. 

In a preferred embodiment, the circumferential grooves 5515 are fluidicly 
coupled to the axial grooves 5520. In this manner, during the radial expansion 
process, lubricating fluids are transmitted from the area ahead of the front 5500a of the 

25 expansion cone 5500 into the circumferential grooves 5515. Thus, the trailing edge 
portion of the interface between the expansion cone 5500 and a tubular member is 
provided with an increased supply of lubricant, thereby reducing the amount of force 
required to radially expand the tubular member. In a preferred embodiment, the 
lubricating fluids are injected into the axial grooves 5520 using a fluid conduit that is 

30 coupled to the tapered end 3205 of the expansion cone 3200. 

In a preferred embodiment, the expansion cone 5500 includes a plurality of 
circumferential grooves 5515. In a preferred embodiment, the cross sectional area of 
the circumferential grooves 5515 ranges from about 2X1 0" 4 in 2 to 5X1 0* 2 in 2 in order to 
optimally provide lubrication to the trailing edge portion of the interface between the 

35 expansion cone 5500 and a tubular member during the radial expansion process. In a 
preferred embodiment, the expansion cone 5500 includes circumferential grooves 5515 
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that are concentrated about the axial midpoint of the tapered portion 5505 in order to 
optimally provide lubrication to the trailing edge portion of the interface between the 
expansion cone 5500 and a tubular member during the radial expansion process. In a 
preferred embodiment, the circumferential grooves 5515 are equally spaced along the 

5 trailing edge portion of the expansion cone 5500 in order to optimally provide 
lubrication to the trailing edge portion of the interface between the expansion cone 
5500 and a tubular member during the radial expansion process. 

In a preferred embodiment, the expansion cone 5500 includes a plurality of 
axial grooves 5520 coupled to each of the circumferential grooves 5515. In a preferred 

10 embodiment, the axial grooves 5520 intersect each of the circumferential groves 5515 
at an acute angle. In a preferred embodiment, the cross sectional area of the axial 
grooves 5520 ranges from about 2X10^ in 2 to 5X10' 2 in 2 in order to optimally provide 
lubrication to the trailing edge portion of the interface between the expansion cone 
5500 and a tubular member during the radial expansion process. In a preferred 

15 embodiment, the cross sectional area of the circumferential grooves 5515 is greater 
than the cross sectional area of the axial grooves 5520. In a preferred embodiment, 
the axial grooves 5520 are spaced apart in the circumferential direction by at least 
about 3 inches in order to optimally provide lubrication during the radial expansion 
process. In a preferred embodiment, the axial grooves 5520 intersect the longitudinal 

20 axis of the expansion cone 5500 at a larger angle than the angle of attack of the 
tapered portion 5505 in order to optimally provide lubrication during the radial 
expansion process. 

Referring to Fig. 9, another embodiment of a system for lubricating the interface 
between an expansion cone and a tubular member during the expansion process will 
25 now be described. As illustrated in Fig. 9, an expansion cone 5600, having a front end 
5600a and a rear end 5600b, includes a tapered portion 5605 having an outer surface 
5610, a spiral circumferential groove 5615, and one or more internal flow passages 
5620. 

In a preferred embodiment, the circumferential groove 5615 is fluidicly coupled 
30 to the internal flow passage 5620. In this manner, during the radial expansion process, 
lubricating fluids are transmitted from the area ahead of the front 5600a of the 
expansion cone 5600 into the circumferential groove 5615. Thus, the trailing edge 
portion of the interface between the expansion cone 5600 and a tubular member is 
provided with an increased supply of lubricant, thereby reducing the amount of force 
35 required to radially expand the tubular member. In a preferred embodiment, the 
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seating fluids are injected into the internal flow passage 5620 using a flu,d condun 
that is coupled to the tapered end 5605 of the expansion cone 5600. 

,„ a preferred embodiment. Are expansion cone 5600 includes a pturalfl, o 
spiral circumterenfla, grooves 5615. In a preferred embodiment the oroes seoti^ 
L of me CrcumferenM groove 56,5 ranges from about 2X10' to 5X10 ,n . 
order to oplimalry provide iubrioaflon to the trailing edge portion of the .menace 
between the expansion cone 56fX> and a tubular member during .he radia, expans,Crt 
pro cess. ,n a purred embodiment, me expansion cone 56O0 indudes 
moves 56,5 tha, are conoenlrated about the axua, mfdpoln, of me tapered 
5605 in order to optimally provide lubrication to tea trailing edge portion oftee rnferfaoe 
Oetween tea expansion cone 5600 and a tebular number during " ~ 
process in a prefened embodiment, the circumferential grooves 5615 are equal* 
paced atong the trailing edge portfcn o, me expanse cone 5600 In order to op^nafly 
pmvide lubricaflon 1o me .railing edge portion of me Interface between tee expansron 
cone 5600 and a tubular member during the radial expansion process. 

,„ a preferred embodiment tee expansion cone 5600 includes a plural* o, flow 
passages 5620 coupled ,o each o, tee dccomferenfla, grooves 56,5. In a preferred 
mboLent. tee oross-sectiona, area o, tee flow passages 5620 ranges frcm abo* 
2X10- in' to 5X10 " in' in order to opflmally provide lubrication to me «ra...ng edge 

he rad.1 expansion process. In a preferred embodiment, tee crese aeoflona, «d 
tee drcom.eren.ia, groove 5615 is greater than tea exosa secflona, area of tee flow 
passage 5620 In order to minimize resistance to fluid flow. 

Referring to Fig. 10. another embodiment of a system for nrbneaung tee 
interface between an expansion cone and a tubufc, member during the expanse 
process wll, now be described. Aa illustrated in Rg. 10. an expane«m cone 570ft 
having a Iron, end 5700a and a rear end 5700b. indudea a tapered porflon 5705 
navmg an outer surface 5710. a spiral circumferential groove 5715. and one or more 

axial grooves 5720a. 5720b and 57200. .„.,., w 

,„ a preferred embodiment, tea circumferential groove 5715 ,a flurdrcly coupled 
,o tee axia, grooves 5720. In teia manner, during tee radia, «P«*"P™« 
M fluids are emitted -rem tee area ahead of tee front 5 0(a of tee 
expansion cone 5700 ,n,o tee circumferential groove 5715. Thus, tee frarlmg edge 
poln o, tee interface between tee expansion cone 5700 and a tubular member . 
, provided with an increased supply o, lubricant, thereby reducing the amount of force 
, equ „ed ,o radiaily expand ,he tubular member. In a preferred embodrmen,. tee 



» • « * * * • • 

• • I • « • * 

• a ! ! • • > 

• •• • f 

13 

lubricating fluids are injected into the axial grooves 5720 using a fluid conduit that is 
coupled to the tapered end 5705 of the expansion cone 5700. 

In a preferred embodiment, the expansion cone 5700 includes a plurality of 
spiral circumferential grooves 5715. In a preferred embodiment, the cross sectional 

5 area of the circumferential grooves 5715 range from about 2X10^ in 2 to 5X1 0 2 in 2 in 
order to optimally provide lubrication to the trailing edge portion of the interface 
between the expansion cone 5700 and a tubular member during the radial expansion 
process. In a preferred embodiment, the expansion cone 5700 includes circumferential 
grooves 5715 concentrated about the axial midpoint of the tapered portion 5705 in 

10 order to optimally provide lubrication to the trailing edge portion of the interface 
between the expansion cone 5700 and a tubular member during the radial expansion 
process. In a preferred embodiment, the circumferential grooves 5715 are equally 
spaced along the trailing edge portion of the expansion cone 5700 in order to optimally 
provide lubrication to the trailing edge portion of the interface between the expansion 

1 5 cone 5700 and a tubular member during the radial expansion process. 

In a preferred embodiment, the expansion cone 5700 includes a plurality of 
axial grooves 5720 coupled to each of the circumferential grooves 5715. In a preferred 
embodiment, the cross sectional area of the axial grooves 5720 range from about 
2X10** in 2 to 5X1 0' 2 in 2 in order to optimally provide lubrication to the trailing edge 

20 portion of the interface between the expansion cone 5700 and a tubular member during 
the radial expansion process. In a preferred embodiment, the axial grooves 5720 
Versed the circumferential grooves 5715 in a perpendicular manner. In a preferred 
embodiment, the cross sectional area of the circumferential groove 5715 is greater 
than the cross sectional area of the axial grooves 5720 in order to minimize resistance 

25 to fluid flow. In a preferred embodiment, the circumferential spacing of the axial 
grooves is greater than about 3 inches in order to optimally provide lubrication during 
the radial expansion process. In a preferred embodiment, the axial grooves 5720 
intersect the longitudinal axis of the expansion cone at an angle greater than the angle 
of attack of the tapered portion 5705 in order to optimally provide lubrication during the 

30 radial expansion process. 

Referring to Fig. 11, a preferred embodiment of a system for lubricating the 
interface between an expansion cone and a tubular member during the expansion 
process will now be described. As illustrated in Fig. 11, an expansion cone 5800, 
having a front end 5800a and a rear end 5800b, includes a tapered portion 5805 

35 having an outer surface 5810, a circumferential groove 5815, a first axial groove 5820, 
and one or more second axial grooves 5825a, 5825b, 5825c and 5825d. 
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In a preferred embodiment, the circumferential groove 5815 is ftuidicly coupled 
to the axial grooves 5820 and 5825. In this manner, during the radial expansion 
process, lubricating fluids are preferably transmitted from the area behind the back 
5800b of the expansion cone 5800 into the circumferential groove 5815. Thus, the 

5 trailing edge portion of the interface between the expansion cone 5800 and a tubular 
member is provided with an increased supply of lubricant, thereby reducing the amount 
of force required to radially expand the tubular member. In a preferred embodiment, 
the lubricating fluids are injected into the first axial groove 5820 by pressurizing the 
region behind the back 5800b of the expansion cone 5800. In a preferred embodiment, 

10 the lubricant is further transmitted into the second axial grooves 5825 where the 
lubricant preferably cleans foreign materials from the tapered portion 5805 of the 
expansion cone 5800. 

In a preferred embodiment, the expansion cone 5800 includes a plurality of 
circumferential grooves 5815. In a preferred embodiment, the cross sectional area of 

15 the circumferential groove 5815 ranges from about 2X10^ in 2 to 5X1 0" 2 in 2 in order to 
optimally provide lubrication to the trailing edge portion of the interface between the 
expansion cone 5800 and a tubular member during the radial expansion process. In a 
preferred embodiment, the expansion cone 5800 includes circumferential grooves 5815 
concentrated about the axial midpoint of the tapered portion 5805 in order to optimally 

20 provide lubrication to the trailing edge portion of the interface between the expansion 
cone 5800 and a tubular member during the radial expansion process. In a preferred 
embodiment, the circumferential grooves 5815 are equally spaced along the trailing 
edge portion of the expansion cone 5800 in order to optimally provide lubrication to the 
trailing edge portion of the interface between the expansion cone 5800 and a tubular 

25 member during the radial expansion process. 

In a preferred embodiment, the expansion cone 5800 includes a plurality of first 
axial grooves 5820 coupled to each of the circumferential grooves 5815. In a preferred 
embodiment, the first axial grooves 5820 extend from the back 5800b of the expansion 
cone 5800 and intersect the circumferential groove 5815. In a preferred embodiment, 

30 the cross sectional area of the first axial groove 5820 ranges from about 2X1 0 -4 in 2 to 
5X1 O* in 2 in order to optimally provide lubrication to the trailing edge portion of the 
interface between the expansion cone 5800 and a tubular member during the radial 
expansion process. In a preferred embodiment, the first axial groove 5820 intersects 
the circumferential groove 5815 in a perpendicular manner. In a preferred 

35 embodiment, the cross sectional area of the circumferential groove 5815 is greater 
than the cross sectional area of the first axial groove 5820 in order to minimize 
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resistance to fluid flow. In a preferred embodiment, the circumferential spacing of the 
first axial grooves 5820 is greater than about 3 inches in order to optimally provide 
lubrication during the radial expansion process. 

In a preferred embodiment, the expansion cone 5800 includes a plurality of 
second axial grooves 5825 coupled to each of the circumferential grooves 5815. In a 
preferred embodiment, the second axial grooves 5825 extend from the front 5800a of 
the expansion cone 5800 and intersect the circumferential groove 5815. In a preferred 
embodiment, the cross sectional area of the second axial grooves 5825 ranges from 
about 2X10" in 2 to 5X10" 2 in 2 in order to optimally provide lubrication to the trailing 
edge portion of the interface between the expansion cone 5800 and a tubular member 
during the radial expansion process. In a preferred embodiment, the second axial 
grooves 5825 intersect the circumferential groove 5815 in a perpendicular manner. In 
a preferred embodiment, the cross sectional area of the circumferential groove 5815 is 
greater than the cross sectional area of the second axial grooves 5825 in order to 
minimize resistance to fluid flow. In a preferred embodiment, the circumferential 
spacing of the second axial grooves 5825 is greater than about 3 inches in order to 
optimally provide lubrication during the radial expansion process. In a preferred 
embodiment, the second axial grooves 5825 intersect the longitudinal axis of the 
expansion cone 5800 at an angle greater than the angle of attack of the tapered portion 
5805 in order to optimally provide lubrication during the radial expansion process. 

Referring to Fig. 12. in a preferred embodiment, the first axial groove 5820 
includes a first portion 5905 having a first radius of curvature 5910. a second portion 
5915 having a second radius of curvature 5920, and a third portion 5925 having a third 
radius of curvature 5930. In a preferred embodiment, the radius of curvatures. 5910. 
5920 and 5930 are substantially equal. In an exemplary embodiment, the radius of 
curvatures. 5910. 5920 and 5930 are all substantially equal to 0.0625 inches. 

Referring to Fig. 13, in a preferred embodiment, the circumferential groove 
5815 includes a first portion 6005 having a first radius of curvature 6010. a second 
portion 6015 having a second radius of curvature 6020. and a third portion 6025 having 
a third radius of curvature 6030. In a preferred embodiment, the radius of curvatures. 
6010, 6020 and 6030 are substantially equal. In an exemplary embodiment, the radius 
of curvatures. 6010, 6020 and 6030 are all substantially equal to 0.125 inches. 

Referring to Fig. 14, in a preferred embodiment, the second axial groove 5825 
includes a first portion 6105 having a first radius of curvature 6110, a second portion 
61 15 having a second radius of curvature 6120, and a third portion 6125 having a third 
radius of curvature 6130. In a preferred embodiment, the first radius of curvature 61 1 0 
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is greater man the mird radius o. cur.au™ 6130. .n an exemplary embodwenU « 
J radius o« curvaUrre .11. is equal to 0.5 incb.es, ,he second radius - ctxvaU* 
6,20 is equal ,0 0.0625 inches, and me third radius of curvature 6130 . equal to 0.125 

^ Refer*, ,0 Fig. 15. an embodimen, o, an expansion mandre, 6200 includes an 
interna, flow passage 6205 having an insert 6210 induding a now passage 6 5 m a 
preferred embodiment, tm cross secliona, area of me flow passage 6215 is less man 
he cross secflooa. area o. .he flow passage 6215. More generally. ,n a preferred 
embodln.nl. a p,ura,iry o, inserts 6210 are provided, each v* 
passages 62,5. In ,his manner, me flow passage 62,5 is machrned to a standard srze 
and me .uhrtcan, supply is varied by using dflferen, s*ed inserts 6210. In a pre erted 
embodimen,. fhe leachings o, ,he expansion mandre, 6200 are incorporated .to me 
expansion mandrels 5100. 5300, and 5600. 

Referrtng ,o Fig. ,6. in a prefened embodimen,. me insert 6210 rndudes a «r 
6305 ,o, flltenng parades and orber foreign materials from me tubrtcan, ma, passes ,nte 
toe flow passage 6205. In mis manner, me foreign ma,ena,s are 
doggtog ,be flow passage 6205 and Cher flow passages witbin me expanse mandre, 

6200 " ,n a preferred embodimen,. me one or more o, ,he lubncaflon systems and 
elemenis o, ,he mandrels 5,06. 5200. 5300. 5400. 5500. 5600. 5700. 5600 and/or 
5900 are incorporated into toe methods and apparatus tor expanding tubular members 
descibed above with reference to Figs. 1 and 2. In this manner, me amoun, o, force 
quired to radially expand a tebula, member In ,he torreaflon «*, -mm ■*> 
„e„bore casing, pipeline, or sbodura, support is signlflcanfly reduced. Furthen^ 
toe mcxeased lubrtcallon provxted ,o ,he bail edge portton o, me mandre, t~* 
reduces ,he amoun, o, galling or seizure caused by me interlace b«.ween me mandre, 
and me .ubular member dunng ,be radial expansion process mereby pem-ng larger 
continuous seOlons o, urbulare 1o be red,* expanded m a singte c^nuous 
opera*. Thus. use ofme mandrels 5100. 5200. 5300. 5404, 55*. 5600. 570O58N 
and/or 5900 reduces the operating pressures required to, radia, expanse and .hereby 
reduces me sizes o, the required hydraulic pumps and related equipment. In adddron. 
Hu* bureting. andfcr bu*« of rubular members dudng me radial expanse 
process is signifioanrly reduced, and the success ratio o, me radial expanston process 

35 iS 9rSa r ZZ ,es-s. a regular expanston cone, wirhou, any ,ubuca«,n grooves 
and flow passages, and ,he expansion ™ 5100 were borb used ,0 radially expand 
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identical coiled tubular members, each having an outside diameter of 3 % inches. The 
following tables summarizes the results of this laboratory test: 



LUBRICATING FLUID 


REGULAR 
EXPANSION CONE 


EXPANSION CONE 
5100 




FORCE REQUIRED TO EXPAND TUBULAR 
MEMBER 


PHPA Mud alone 


78,000 Ibf 


72,000 Ibf 


PHPA Mud + 7% 
Lubricant Blend 


48,000 Ibf 


46,000 Ibf 


100% Lubricant Blend 


68,000 Ibf 


48,000 Ibf 



Where: PHPA Mud refers to a drilling mud mixture available from Baroid. 

PHPA Mud + 7 % Lubricant Blend refers to a mixture of 93% PHPA Mud 
and 7% mixture of TorqTrim III, EP Mudlib. and DrillN-Slid available 
from Baroid. 

100% Lubricant Blend refers to a mixture of TorqTrim III, EP Mudlib, and 
DrillN-Slid available from Baroid. 

Thus, in an exemplary embodiment, the use of the expansion cone 5100 
reduced the amount of force required to radially expand a tubular member by as much 
as 30%. This reduction in the required force translates to a corresponding reduction in 
the overall energy requirements as well as a reduction in the size of required operating 
equipment such as, for example, hydraulic pumping equipment. During the course of a 
typical expansion operation, this results in tremendous cost savings to the operator. 

In a preferred embodiment, the lubricating fluids used with the mandrels 5100, 
5200, 5300, 5400, 5500. 5600, 5700, 5800 and 5900 for expanding tubular members 
have viscosities ranging from about 1 to 10,000 centipoise in order to optimize the 
injection of the lubricating fluids into the circumferential grooves of the mandrels during 
the radial expansion process. 
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In a preferred embodiment, prior to placement in a wellbore, the outer surfaces 
of the apparatus for expanding tubular members described above with reference to 
Figs. 1 and 2 are coated with a lubricating fluid to facilitate their placement the wellbore 
and reduce surge pressures. In a preferred embodiment, the lubricating fluid 
comprises BARO-LUB GOLD-SEAL™ brand drilling mud lubricant, available from 
Baroid Drilling Fluids, Inc. In this manner, the insertion of the apparatus into a 
wellbore, pipeline or other opening is optimized. 

Referring to Fig. 17, a preferred embodiment of an expandable tubular 6400 for 
use in forming and/or repairing a wellbore casing, pipeline, or foundation support will 
now be described. In a preferred embodiment, the expandable tubular 6400 includes a 
wall thickness T. 

In a preferred embodiment, the wall thickness T is substantially constant 
throughout the expandable tubular 6400. In a preferred embodiment, the variation in 
the wall thickness T about the circumference of the tubular member 6400 is less than 
about 8 % in order to optimally provide an expandable tubular 6400 having a 
substantially constant hoop yield strength. 

In a preferred embodiment, the material composition of and the manufacturing 
processes used in forming the expandable tubular 6400 are selected to provide a hoop 
yield strength that varies less than about 10 % about the circumference of the tubular 
member 6400 in order to optimally provide consistent geometries in the expandable 
tubular 6400 after radial expansion. 

In a preferred embodiment, the expandable tubular 6400 includes structural 
imperfections such as, for example, voids, foreign material, cracks, of less than about 5 
% of the specified wall thickness T in order to optimize the radial expansion of the 
expandable tubular member 6400. In a preferred embodiment, each expandable 
tubular 6400 is tested for the presence of such defects using nondestructive testing 
methods in accordance with industry standard API SR2. 

Referring to Fig. 18, a preferred embodiment of an expansion cone 6700 for 
radially expanding the tubular member 6500 will now be described. The expansion 
cone 6700 preferably includes a front end 6705, a rear end 6710, and a radial 
expansion section 6715. In a preferred embodiment, the expansion cone 6700 is used 
in one or more the embodiments of apparatus and methods for radially expanding a 
tubular member described above with reference to Figs. 1-17. In a preferred 
embodiment, when the expansion cone 6700 is displaced in the longitudinal direction 
relative to the tubular member 6500. the interaction of the exterior surface of the radial 
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expansion section 6715 with the interior surface of the tubular member 6500 causes 
the tubular member 6500 to expand in the radial direction. 

The radial expansion section 6715 preferably includes a first conical outer 
surface 6720 and a second conical outer surface 6725. The first conical outer surface 
5 6720 includes an angle of attack a, and the second conical outer surface 6725 includes 
an angle of attack a 2 . In a preferred embodiment, the angle of attack a, is greater than 
the angle of attack a 2 . In this manner, the first conical outer surface 6720 optimally 
radially overexpands the intermediate portion 6530 of the tubular member 6500 and the 
second conical outer surface 6725 optimally radially overexpands the pre-expanded 
10 first and second ends, 6520 and 6535, of the tubular member 6500. In a preferred 
embodiment, the first conical outer surface 6720 includes an angle of attack a, ranging 
from about 8 to 20 degrees. In a preferred embodiment, the second conical outer 
surface 6725 includes an angle of attack a 2 ranging from about 4 to 15 degrees. More 
generally, the expansion cone 6700 may include 3 or more adjacent conical outer 
15 surfaces having angles of attack that decrease from the front end 6705 of the 
expansion cone 6700 to the rear end 6710 of the expansion cone 6700. 

Referring to Fig. 19, an alternative preferred embodiment of an expansion cone 
6800 for radially expanding the tubular member 6500 will now be described. The 
expansion cone 6800 preferably includes a front end 6805, a rear end 6810, and a 
20 radial expansion section 681 5. In a preferred embodiment, the expansion cone 6800 is 
used in one or more the embodiments of apparatus and methods for radially expanding 
a tubular member described above with reference to Figs. 1-17. In a preferred 
embodiment, when the expansion cone 6800 is displaced in the longitudinal direction 
relative to the tubular member 6500, the interaction of the exterior surface of the radial 
25 expansion section 6815 with the interior surface of the tubular member 6500 causes 
the tubular member 6500 to expand in the radial direction. 

The radial expansion section 6815 preferably includes an outer surface 6820 
having a substantially parabolic outer profile. In this manner, the outer surface 6820 
provides an angle of attack that constantly decreases from a maximum at the front end 
30 6805 of the expansion cone 6800 to a minimum at the rear end 6810 of the expansion 
cone. The parabolic outer profile of the outer surface 6820 may be formed using a 
plurality of adjacent discrete conical sections and/or using a continuous curved surface. 
In this manner, the area of the outer surface 6820 adjacent to the front end 6805 of the 
expansion cone 6800 optimally radially overexpands the intermediate portion 6530 of 
35 the tubular member 6500. while the area of the outer surface 6820 adjacent to the rear 
end 6810 of the expansion cone 6800 optimally radially overexpands the pre-expanded 
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first and second ends, 6520 and 6535. of the tubular member 6500. In a preferred 
embodiment, the parabolic profile of the outer surface 6820 is selected to provide an 
angle of attack that ranges from about 8 to 20 degrees in the vicinity of the front end 
6805 of the expansion cone 6800 and an angle of attack in the vicinity of the rear end 
6810 of the expansion cone 6800 from about 4 to 15 degrees. 

Although illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated in 
the foregoing disclosure. In some instances, some features of the present invention 
may be employed without a corresponding use of the other features. Accordingly, it is 
appropriate that the appended claims be construed broadly and in a manner consistent 
with the scope of the invention. 



1 . An expansion cone for radially expanding a tubular member, comprising: 
a paraboloid expansion cone body. 

5 

2. The expansion cone of claim 1 . wherein the angle of attack of the outer surface 
of the paraboloid expansion cone body increases in a continuous manner from one end 
of the paraboloid expansion cone body to the opposite end of the paraboloid expansion 
cone body. 

10 

3. The expansion cone of claim 1 or 2 wherein: 

at least a portion of the paraboloid expansion cone body has an angle of attack 

of 25°. 

15 4. The expansion cone of any one of claims 1 , 2 or 3 further comprising: 
a lubricant on an outer surface of the paraboloid expansion cone body. 

5. The expansion cone of any one of claims 1 to 4 further comprising: 

one or more grooves formed in an outer surface of the paraboloid expansion 
20 cone body. 

; The expansion cone of any one of claims 1 to 5 further comprising: 

one or more axial flow passages defined within the paraboloid expansion cone 

body. 

25 

7. The expansion cone of claim 5, wherein the grooves comprise circumferential 
grooves. 

8. The expansion cone of claim 5. wherein the grooves comprise spiral grooves. 

9. The expansion cone of any one of claims 5, 7, or 8, wherein the grooves are 
concentrated around an axial midpoint of the paraboloid expansion cone body. 

10. The expansion cone of claim 6. wherein the axial flow passages comprise axial 
35 grooves. 
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11 . The expansion cone of claim 10, wherein the axial grooves are spaced apart by 
at least about 3 inches in the circumferential direction. 

12. The expansion cone of claim 5, further comprising flow passages, wherein the 
5 flow passages are positioned within the paraboloid expansion cone body. 

13. The expansion cone of claim 12, wherein the flow passages are coupled to one 
or more grooves. 

10 14. The expansion cone of claim 12 or 13, wherein one or more of the flow 
passages include inserts having restricted flow passages. 

15. The expansion cone of claim 12 to 14, wherein one or more of the flow 
passages include filters. 

16 The expansion cone of any one of claims 5. 7 to 9. or 12 to 15, wherein the 
cross-sectional area of the grooves ranges from 1.29x10"' m 2 to 3.226X10- 5 m 2 (2x10 
in 2 to5x10" 2 in 2 ). 
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20 17 The expansion cone of any one of claims 6. 10, or 11, wherein the cross- ^ 
sectional area of the axial flow passages ranges from about 1 .29x10"' m 2 to 3.226x10 
m 2 (2x10^ in 2 to 5x1 0" 2 in 2 ). 

18. The expansion cone of any one of claims 5. 7 to 9. or 12 to 16. wherein the 
25 grooves include: 

a flow channel having a first radius of curvature; 

a first shoulder positioned on one side of the flow channel having a second 

radius of curvature; and 

a second shoulder positioned on the other side of the flow channel having a 

30 third radius of curvature. 

19. The expansion cone of claim 18, wherein the first, second and third radii of 
curvature are substantially equal. 

35 20. The expansion cone of any one of claims 6. 10, 1 1 , or 17, wherein the axial flow 
passages include: 



23 



a flow channel having a first radius of curvature; 

a first shoulder positioned on one side of the flow channel having a second 

radius of curvature; and 

a second shoulder positioned on the other side of the flow channel having a 

5 third radius of curvature. 

21 . The expansion cone of claim 20, wherein the first, second and third radii of 
curvature are substantially equal. 

10 22. The expansion cone of claim 20, wherein the second radius of curvature is 
greater than the third radius of curvature. 
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